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TECHNICAL  HIGHLIGHTS 

\ 

Introduct ion 

The  Monsanto  Company /Wash i ngton  University  Association  was  formed 
under  Office  of  Naval  Research/Advanced  Research  Projects  Agency 
sponsorship  in  1965  with  concurrent,  interdependent  objectives. 

These  were: 

(a)  to  establish  a broad'  r technical  base  for  the  area 
of  composite  materials  through  fundamental  research 
and  an  active  communications  e.fort, 

(b)  to  develop  ar.  interdisciplinary  teaching  program  to 
train  scientists  and  engineers  in  efficient  utilization 
and  design  with  composites  and 

(c)  to  demonstrate  a means  by  which  an  effective  working 
relationship  can  be  formed  between  a university  and 
private  industry. 

Since  the  goals  were  all  somewhat  exploratory  in  nature,  maximum 
flexibility  was  permitted  in  chcosing  and  modifying  the  approaches  to 
be  followed,  in  stiffing,  and  in  reporting.  Furthermore,  initial 
funding  end  the  first  contract  renewal  -ere  for  two-year  periods  to 
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facilitate  planning  and  to  allow  time  for  the  impact  of  the  program 
to  be  measured.  In  general,  all  the  goals  were  satisfactorily  met. 

In  the  following  paragraphs  the  major  accomplishments  made  under 
the  contract  are  briefly  summarized.  More  detailed  lists  of  reports 
and  publications,  patents,  and  degree  recipients  are  anpended  in 
later  sections. 

Major  Technology  Advances 

As  measured  by  their  acceptance  and  use  in  the  technological 
community,  the  Association  contrinured  major  technical  advances  in 
three  general  areas:  Chemistry  and  Physics,  Mechanical  Analysis  and 

Characterization,  and  Fabrication  and  Processing. 

The  chemistry  of  silane  coupling  agents  was  unraveled  enabling 
improvement  of  a wide  range  of  coupling  agents.  Industrial  producers 
of  coupling  agents  are  now  making  use  of  the  work  to  develop  new  types 
of  coupling  agents.  A new  flexible  innerlayer  and  a process  for  applying 
it  to  continuous,  large  diameter  glass  filament  were  developed. 

It  is  highly  likely  that  this  technology  will  be  applied  directly  to 
the  manufacture  of  glass  reinforced  pipelines.  The  innerlayer 
greatly  improves  fatigue  resistance  and  elevates  the  strength  properties 
of  the  large  diameter  glass  system  to  those  of  small  diameter  glass, 
making  a superior,  economical  pipeline  system  available. 

In  the  area  of  mechanical  analysis  and  characterization,  many  of 
the  structure-property  relations  currently  used  in  designing  composite 
structures  were  developed  under  the  ONR/ARPA  contract.  The  stiffness 
design  equations  currently  emplnved  In  the  Air  Force  Design  Manual 
were  developed  at  Washington  University.  A tensor  failure  criteria 
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for  continuous  fiber  laminates,  as  well  as  fracture  toughness  measuring 
procedures,  were  developed  under  the  contract  and  are  currently  in  use 
by  the  technological  community. 

With  regard  o fabrication  and  processing,  basic  rheological 
parameters  important  in  the  transfer  and  injection  molding  of  filled 
melts  were  identi.ied  and  characterized.  Tnese  concepts  are  currently 
in  use  within  the  Monsanto  Company  as  well  as  in  other  corporations. 

New  ways  to  produce  short-fiber  molding  compounds  for  both  thermosetting 
and  thermoplastic  matrices  were  developed  and  patented. 

In  order  to  eesseminate  the  technology  arid  data  generated  under 
the  contract,  170  research  reports  were  written  over  the  contract 
period.  Over  85  publications  in  reputable  journals  resulted.  Seven 
patents  have  so  far  been  issued  on  technoloqv  developed  under  the  contract. 
Detailed  lists  of  patents,  publications,  and  reports  are  appended  in 
later  sections  of  this  report. 

Examp  I es  of  Technical  Exchange  and  Intcrac  t i on  w i f h the  Materials 

Commun i ty 

One  of  the  measures  of  success  in  accomplishing  the  above  objectives 
is  the  degree  of  technical  exchange  and  interaction  with  the  materials 
community.  Under  the  ONR/ARP/’  .on:  act,  this  interaction  took  the 
form  of  people-to-oeople  contact  . irst  via  co 1 I aborat i on  with  industrial 
and  government  organizations. 

In  1971,  the  Monsanto/Washington  University  Association  participated 
in  a structural  design  project  involving  the  McDonnel 1 -Douglas  F— 1 5 
aircraft.  Part  of  the  aircraft's  wing,  the  spar  root  fitting  for  the 
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intermediate  torque  box,  was  selected  as  the  component  for  design  and 
five  design  concepts  were  developed  utilizing  high  performance  fibers 
with  both  plastic  ard  metal  matrices. 

The  Association  also  part icii/ntfu  in  an  evaluation  of  a fractured 
experimental  speed  brake  with  wemh-ws  of  Goodyear  Aerospace  Corporation, 
at  their  request.  The  component  was  fabricated  for  the  F-5  piane  by 
Goodyear  under  Air  Force  Contract.  Results  from  the  study  defined 
I)  the  contribution  of  the  continuous  fibers  to  the  structure  and  the 
extent  to  which  maintaining  the  position  of  these  fibers  during  molding 
is  a problem,  2)  the  extent  to  which  f iber  position  and  orientation 
changes  when  molding  chopped  prepreq  using  . tchod  metal  dies,  and 
3)  the  source  and  cause  of  the  fracture. 

Consultations  were  held  with  the  Polymers  D. vision  of  the  National 
Bureau  of  Standard,  concerning  possible  directions  that  composites 
research  might  take  at  NBS. 

Samples  of  very  highly  aligned  dispersed  graphite  fibers  in  an 
epoxy  matrix  were  obtained  for  evaluation  from  two  sources  in  the 
United  Kingdom,  the  Explosives  Research  and  Development  Establishment 
and  Fothergill  and  Harvey.  These  highly  aligned  systems  were  characterized 
both  mechanically  end  morphologically. 

Concepts  and  technology  develops'1  under  the  Contract  are  now 
being  used  by  the  kubber  Chemicals  Division  of  Monsanto  Industrial 
Chemicals  Company  >n  Akron  to  develop  new  reinforced  rubber  systems 
containing  unregencrated  cellulose  short  fibers  as  reinforcement.  Some 
of  these  systems  are  nearly  ready  for  marketing. 


Several  small  testing  contracts  have  been  completed  by  Washington 
University  using  specialized  equipment  developed  under  the  contract 
especially  for  anisotropic  materials.  Among  these  participating 
industrial  concert's  are  Arundale  Manufacturing,  Inc.,  Rawlings 
Sporting  Goods  Company,  Western  Textile  Products,  and  Tiffany 
Industries,  Inc. 

Consultations  have  recently  been  held  with  Owens-Corn i ng  Corporation, 
Air  Products  Company,  and  Lord  Corporation  concerning  ways  in  which 
these  companies  might  productively  interact  with  the  Washington 
University  research  program. 

A second  form  of  interaction  with  the  materials  community  involved 
efforts  by  the  Association  to  stimulate  education  of  the  materials 
community  in  the  area  of  composite  materials  and  to  serve  as  a vehicle 
for  gathering  and  desseminat inc)  the  wor k of  others  in  the  field. 

Early  in  the  Contract  (1967^ , the  Monsanto/Washinqton  University 
Association  sponsored  a Composite  Materials  Workshop  on  the  Physical 
Aspects  of  Compos -te  Materials.  The  proceedings  of  this  workshop 
were  published  by  Technomic  Publishing  Company  as  Volume  I of  their 
Progress  in  Materials  Science  Series. 

The  authoritative  Journal  of  Composite  Materials  was  initiated 
by  the  Association  in  1967-  It  is  published  quarterly  by  Technomic 
Publishing  Company  and  continues  to  be  the  leading  journal  in  the  area 
of  the  physics  and  mechanics  of  composite  materials. 

The  Monsanto/Washington  University  Association  organized  six 
symposia  on  advanced  composites  during  the  duration  of  the  Contract. 

These  meetings  were  held  annujlly.  and  attracted  national  and 


internation  attention.  The  proceedings  of  the  last  of  these,  "Composite 
Materials  in  Engineering  Design",  were  published  by  the  American  Society 
for  Metals  in  1973  (one  volume  727  pages). 

For  the  last  several  years,  Washington  University  has  organized 
and  conducted  a short  course  entitled,  "Advances  in  Reinforced  Plastics 
Technology".  This  3-day  intensive  course  is  sponsored  by  the  Plastics 
Institute  of  America  and  draws  heavily  on  members  of  the  Association  for 
lecturers . 


Un iversi tv/lndustry  Coupling  An  Evaluation 


A number  of  requirements  and  possible  barriers  to  an  effectively 
coupled  effort  have  become  apparent  in  the  course  of  the  Program.  The 
requirements  include  in  order  of  importance: 

1.  Geographic  proximity  so  that  day-to-day  interaction  is 
possible  land  convenient). 

2.  Mutual  dedication  to  the  goals  (with  clear  cut  benefits 
to  each  of  the  pcrtners)  and  mu'ual  dependei.ee  on  one 
another  tc  provide  key  expertise  and/or  facilities  (thus 
forcing  interaction  ..here  otherwise  there  might  be  hesistance). 

3.  Flexibility  in  administrative  proce  lures,  use  of  equipment 
and  facilities,  experimental  annroaches  and  reporting  on  the 
part  of  both  organizations. 

k.  A single  program  manager,  but  interaction  between  counter- 
parts at  all  admi n i s trat i ves  and  technical  levels. 

5.  Willingness  of  the  industrial  partner  to  become  involved  in 

work  suffi  iently  fundamental  to  meet  academic  degree  standards 


and  willingness  of  the  academic  partner  to  maintain  a 
practical  focus  to  the  work  and  facilitate  use  of,  but 
protect  (patents,  etc.),  results  of  possible  commercial  value. 

6.  Freedom  to  publish  and  broad  interactions  within  the  technical 
community.  These  require  that  the  problems  be  recognized 
as  important  and  long  range  enough  for  thesis  research,  yet 
not  so  in>ensely  competitive  as  to  hamper  meaningful  technical 
exchange  with  others  in  the  field  outside  the  parent  organizations. 

As  implied  by  the  various  requirements  listed,  among  the  more 
important  barriers  to  an  effective  con.  1 i nq  program  are: 

1.  Wide  geographic  separation. 

2.  Insistence  on  such  rigid  procedures  and  protocol  that 
communication  is  reduced. 

3.  Demand  for  poorly  defined  organization  or  existence  of 
complete  autonomy  or  independence  by  either  partner. 

A.  A highly  competitive  atmosphere  preventing  publication  or 
technical  exchange  outside  the  program. 

5.  Unwillingness  to  accept  'f™  practical  focus  and/or 

insistence  on  complete  orientation. 

6.  Inability  of  either  parinei  in  make  allowances  for  and 
adjust  to  the  pace  of  the  other  (that  of  the  university 
will  necessarily  be  slower). 

Tendencies  for  some  of  these  occasionally  cropped  up  in  the  Monsanto/ 
Washington  Universty  program  from  t ime- to- 1 i ir.e ; fortunately,  these 
were  largely  overcome. 
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The  success  of  the  coupling  demonstration  is  exemplified  by  the 
fact  that  the  two  organizations  have  continued  to  work  together  in 
bidding  for  additional  contracts,  by  appointment  of  some  of  the  faculty 
members  as  Monsanto  consultants  and  some  of  he  Monsanto  staff  as 
affiliate  faculty,  and  by  voluntary  cost-sharing  by  Monsanto  of  a 
portion  of  the  coupled  program  having  possible  commercial  implications. 

Educational  Program 

The  Materials  Science  and  Engineering  Program  of  Washington 
University  School  of  Engineering  and  Applied  Science  is  a flexible, 
interdisciplinary  activity  designed  to  encourage  graduate  study  and 
research  in  the  area  of  homogeneous  and  multi-phase  structural 
materials  with  hea /y  emphasis  on  reinforced  plastics.  It  was  developed 
largely  over  the  last  eight  years  under  the  auspices  of  the  ONR/ARPA 
contract  The  Program  stresses  the  integration  of  basic  and  applied 
research  on  reinforced  plastic  systems  anu  provides  foi  the  education 
of  materials  scientists  and  engineers  in  this  field 

The  Program  is  now  well  established  and  enjoys  international 
recognition  as  one  of  the  few  in  the  United  States  dealing  with  the 
preparation  and  long-term  performance  evaluation  of  polymeric  compos i tes . 
Since  1967,  22  master's  degrees  and  29  doctoral  degrees  have  been 
awarded;  8 graduate  students  and  one  post-doctoral  fellow  are  currently 
in  residence.  Faculty  in  the  Program  hold  their  appointments  from  the 
Departments  of  Chemical  Engineering  and  Mechanical  Engineering. 

Affiliate  faculty  participate  from  Monsanto  Company  anJ  the  Air  Foi ce 
Materials  Laboratory.  A list  of  current  faculty  in  the  Program  is 
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appended.  Most  graduates  of  the  Program  are  now  employed  by  industry 
and  are  highly  sought  after  by  mater ials-or iented  companies  A list 
of  graduates  and  their  current  employers  is  included  in  a later  section. 

Preparation  of  a Monograph  on  Short  Fiber  Composites 

From  a technical  point  of  view,  the  unique  feature  of  this  contract 
was  its  emphasis  on  short  fiber  composites  as  structural  materials.  We 
undertook  the  writing  of  a monograph  to  define  the  role  of  short  fiber 
systems  in  structural  materials,  to  outline  the  state-of-the-art  in  short 
fiber  technology  development,  and  to  summarize  the  Monsanto/Wash i ngtor 
University  Association's  contributions  to  this  fast-growing  area  of 
Materials  Science  and  Engineering. 

Unfortunately,  writing  of  the  monograph  did  not  start  until  near  the 
end  of  the  Contract.  As  Association  members  went  on  to  different  things 
after  the  Contract  concluded,  it  became  more  difficult  to  meet  target 
milestones  for  completion  of  the  book.  Completion  is  now  set  for  l-el  , 
1975-  Editing,  rewriting  and  drawing  are  now  proceeding.  A cnapter-bv- 
chapter  status  reporr  appears  below. 

Title:  Engineering  Composites  Reinforced  With  Short  Fibers 

Publisher:  Marcel  Dekker,  New  York 

Preface:  1st  draft  completed 

Chapter  1 - Introduction  - 1st  draft  completed 

Chapter  2 - constituent  Materials  - 1st  draft  completed 

Chapter  3 * Prediction  of  Composite  Performance  - 1st  draft  completed 


Chapter  4 

Chapter  5 
Chapter  6 

Chapter  7 
Chapter  8 

Chapter  9 


- Practical  Performance  Levels  - 1st  draft  not  complete,  resource 

references  and  data  complete 

- Laboratory  Processing  < ompos i tes  - 1st  draft  completed 

- Commer.cal  Processing  of  Short  Fiber  Composites  - 1st  draft 
completed 

- Composite  Characterization  Techniques  - 1st  draft  completed 

- Composite  Testing  - 1st  draft  not  completed  (all  subsections 
completed  but  not  drawn  together) 

- Design  with  Composite  Materials  - 1st  draft  completed,  2nd  draft 
completed 


Appendices 

Data  Analysis  3nd  Reduction  - 1st  draft  completed 
Bibliography  - not  completed 
Glossary  and  Index  - not  completed 
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PATENTS 


To  date  the  io) lowing  patents  based  on  Contract-sponsored  research 

have  been  issued. 

U.S.  3,518,221  - Shaped  Composites  Comprised  of  Filler  Particles  Enveloped 

in  a Thermosetting  Resin  - A.  S.  Kenyon  and  R.  J.  Slocombe. 

U.S.  3,562,196  - Epoxide  Resin  So’,  c.  ion  - R,  J.  Sloconib 

U.S.  3,580,832  - Mica  Reinforced  Composites  - L.  E.  Nielsen  and  J.  E.  Fields. 

U.S.  3,598,693  * Molding  Composition  and  Method  - H.  M.  Anderson  and  J.  E.  Calfee. 

U.S.  3,626,01*1  - Apparatus  and  Process  for  Making  Continuous  Filament  - 
.j.  E.  Fields  and  E.  H.  Mottus. 

U.S.  3,708,1*56  - Po. ycondensate  Reinforcement  P ^ess  Using  an  inter facial- 
Forming  Technique  - J.  L.  Kardos. 

U.S.  3,750,1*38  - Ribbon  Reinforced  Composites  - L.  E.  Nielsen  and  T.  B.  Lewis. 
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